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Magnetic nanoparticles have been researched extensively recently for site specific cancer cell treatment. Typically, 
ultrafine, stable and biocompatible particles prepared using simple, economical and environment friendly approaches are 
greatly desirable. In the present study hematite nanoparticles were prepared by a semi-synthetic approach using aqueous 
garlic extract. The Allium sativum (as) prepared particles were appropriately characterized and checked for in vitro cytotoxic 
effects and hemocompatability. Well dispersed (polydispersity index 0.144), superparamagnetic (Ms: 15.677 emu/g), 
spherical particles possessing an average 10 nm diameter and good colloidal stability (zeta potential: -36.8 mV) were 
obtained. Nanoparticles displayed a UV absorption maximum at 450 nm and a characteristic peak at 587 cm-1 in the  
Infra-red (IR) spectra representing Fe-O bond. Various bioactive components present in the garlic extract could reduce the 
metal precursors as well as help in coating the nanoparticles. Nanoparticles exhibited negligible percentage hemolysis and 
concentration dependent cytotoxicity with inhibition concentration fifty percent (IC50) values of 230 µg/ml, 346 µg/ml and 285 µg/ml for cell lines of colorectal cancer (HCT 116), breast cancer (MCF-7) and cervical cancer (HeLa), respectively. In 
contrast normal lung fibroblast MRC-5 cell line did not exhibit any apparent cytotoxicity in the studied concentration range. 
Hence, biocompatible magnetic nanoparticles were green synthesized for potential therapeutic application. 
Keywords: Garlic extract, biocompatible, hematite, superparamagnetic, cytotoxicity, hemolysis  
Introduction  
In recent times superparamagnetic iron oxide 
nanoparticles (SPIONs) have attracted a lot of 
attention as target specific drug delivery agents1. 
When iron oxide nanoparticles lie in a critical size 
range of 15 nm they possess strikingly different 
physiochemical, thermal and magnetic properties than 
the bulk material and demonstrate superparamagnetic 
behaviour2-3. In such conditions, particles are 
magnetized under external field, but show zero 
coercivity and retentivity after the removal of external 
field4. Because of these unique properties iron oxide 
nanoparticles are used widely in drug delivery, 
hyperthermia treatment of cancer, magnetic resonance 
imaging (MRI) contrast agents, environmental 
remediation, biosensors, magnetic storage materials, 
magnetic separation, biocatalysts etc5-10. 
Among the different iron oxides, hematite is the 
most stable oxide and is known for its typical 
magnetic property11. Hematite is antiferromagnetic 
below a temperature of 263 K (Morin’s 
temperature)11, above which the magnetic domains 
rearrange themselves and exhibit weak ferromagnetic 
properties up to 955 K (Neel’s temperature)12. In case 
of nano-scale hematite, temperature at which the 
magnetic domains undergo this transition is decreased 
significantly11-12. Magnetic properties of the particles 
have also found to depend on the synthesis route, size, 
composition and capping mechanism. Capping is very 
essential for nanoparticles as the nanoparticle surface 
atoms possess high energy and have a tendency to 
agglomerate which affects their overall size and 
functionality13. That is why nanoparticles are capped 
with various polymers, plant extract, silica, metal and 
metal oxides13-14. 
Iron oxide nanoparticles are normally prepared by 
co-precipitation, thermal decomposition, sonochemical, 
reverse micellar, hydrothermal, electrochemical and 
biological approaches14. Common challenges that are 
faced in the particle preparation are: (i) controlling the 
size distribution (ii) obtaining good colloidal stability 
(iii) production cost and (iv) waste disposal. 
Consequently, green synthesis of iron oxide 
nanoparticles using plant extracts has gained large 
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popularity recently. Plant extracts are not expensive, 
have wide availability and possess different functional 
groups that can help in bio-reduction and size 
controlled synthesis of the nanoparticles15. Polymers 
present in the extract can help in capping of the 
nanoparticles and improve their stability. Additionally, 
use of harmful chemicals and release of toxic 
byproducts is also decreased15-16. Various researchers 
have reported the use of plant extracts to coat the 
nanoparticles. Mahdavi and coworkers16 have used 
Sargassum muticum water extract containing sulphated 
polysaccharides as the main reducing and capping 
agent for iron oxide nanoparticles. Similarly, magnetite 
particles were coated with carob leaf extract by Awwad 
and coworkers17.  
Current study focuses on preparation of magnetic 
hematite nanoparticles using aqueous garlic extract. 
Garlic extract contains antioxidants and various 
biopolymers possessing functional groups such as 
hydroxyl, carboxyl, aldehyde, amine and di-sulfide 
groups that can help in bioreduction of the iron 
precursors18. Components of the plant extract can 
help in capping and stabilization of the 
nanoparticles. Additionally, active ingredients 
present in the capping layer can enhance the 
therapeutic potential of the nanoparticles. Garlic is 
one of the oldest cultivated spice plants which have 
been used extensively in traditional medicine 
system. Garlic is well recognized for anticancer 
property, is a powerful antimicrobial, removes blood 
clot, improves the body immunity, lowers blood 
sugar and cholesterol19.  
Many ancient literatures have reported the 
external use of garlic by physicians in ancient India 
and Egypt for tumor treatment. Garlic intake has 
been shown to decrease the risk of colorectal, 
stomach, lung, esophageal, breast and bladder 
cancer19-20. Organosulfur compounds such as alliin, 
allicin, ajoene, diallyl sulphide and allixin that are 
present in the extract are primarily responsible for 
the cytototoxic property of garlic20. Hence, garlic 
extract coated hematite nanoparticles can be used as 
novel anticancer agents. Previously, garlic essential 
oil has been used by Yang and coworkers21 as a 
coating agent for iron oxide nanoparticles and 
validated for insecticidal activity against Tribolium 
castanum. But for the first time, we have reported 
here the synthesis of aqueous garlic extract coated 
hematite nanoparticles and investigated their 
cytotoxic activity on four different cell lines. 
Materials and Methods 
 
Chemicals 
Sodium hydroxide, ferrous sulphate and ferric 
chloride were of analytical grade, purchased from 
Merck, Germany and were used without any further 
purification. Garlic samples were obtained from local 
market, Vellore, Tamil Nadu. Cancer cell lines HCT 
116, MCF-7, HeLa and MRC-5 were obtained from 
National Centre for Cell Science, Pune, India. All the 
aqueous solutions were prepared in double distilled 
water. Cell culture media (Rosewell Park memorial 
1640 medium, Eagle’s minimum essential medium, 
Dulbecco's Modified Eagle medium), Fetal bovine 
serum, MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl 
tetrazolium bromide) and DMSO (dimethyl sulfoxide) 
were obtained from HiMedia Laboratories, Bengaluru. 
Metformin, EDTA (ethylenediaminetetraacetic acid), 
Triton X, DPPH (2,2’-diphenyl-1-picrylhydrazyl) and 
phosphate buffer saline (PBS) were obtained ordered 
from Sigma Aldrich (currently Merck).  
  
Extract Preparation and Synthesis of Hematite Nanoparticle 
Synthesis of nanoparticles was obtained by using 
slightly modified protocol followed by Awwad et al. 
A novel microwave mediated heating was used to 
obtain aqueous garlic extract. About 4 g of garlic 
cloves were ground finely using mortar and pestle in 
20 ml of distilled water. The crude extract was heated 
thrice using microwave (Samsung 23 L capacity) for a 
time period of 30 sec and 200 W power at 
temperature 80-100°C. The mixture was subjected to 
centrifugation for 10 min at 6000 rpm and thereafter 
filtered using Whatman filter paper 1. Garlic extract 
was analyzed qualitatively using standard protocols 
for the presence of various phyto-constituents22. 
Antioxidant activity was estimated using DPPH  
(2,2’-diphenyl-1-picrylhydrazyl) radical scavenging 
method reported elewhere23. In brief, 1 ml aliquot of 
garlic extract and various nanoparticle concentrations 
(200-1000 µg/ml) was taken and to it was added 4 ml 
ethanolic solution of DPPH. The sample was 
vortexed, incubated at room temperature for 30 min 
and subsequently, centrifuged at 10,000 rpm for 2 
min. Absorbance of the supernatant was read at 517 
nm and ascorbic acid was taken as the positive 
reference. This radical scavenging activity or 
percentage inhibition of free radical by DPPH was 
calculated by the following formula:  
% inhibition ൌ  ୅ୠୱౙି୅ୠୱ౩୅ୠୱౙ     ... (1) 
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Where, Absc and Abss refer to absorbance of 
control and the sample respectively at 517 nm. 
Synthesis of iron oxide nanoparticles was carried out 
by co-precipitation technique using double precursor 
system. At first, 2:1 molar ratio of FeCl3 and FeSO4 
were dissolved in 50 ml of water and contents were 
uniformly heated for 10 min. Thereafter, 10 ml of 
fresh garlic extract was mixed and mixture was 
homogenized for another 10 min. Finally, 20 ml of 2N 
NaOH was added and solution was shaken vigorously 
for 10 min. Reaction temperature was maintained at 
80°C throughout the synthesis step. After completion 
of precipitation reaction, particles were washed thrice 
with distilled water, air dried and crushed properly to 
obtain fine powder. 
 
Instrumentation 
Optical properties of the particles were recorded 
using UV Visible spectrophotometer (Jenway-6305,  
λ = 198 - 1000 nm) provided with xenon light source. 
X-ray diffraction analysis was carried out with 
Schimadzu Smart Lab X Ray diffractometer between 
10°– 90° wavelength of 1.54 Å. Cu Kα radiation was 
used for the purpose and set values for operation were 
40 KV/30 mA. Nanoparticles were desiccated for 72 h 
on carbon tape, spluttered with gold and subsequently, 
electron microscope image was obtained using 
scanning electron microscope (Zeiss Ultra 55, 
Germany). Elemental composition was also found 
using the EDS (energy dispersive spectrophotometry) 
system provided with the scanning electron 
microscope. Philips CM 200 transmission electron 
microscope operating at a voltage of 20 kV was 
employed for measuring the particle size. Log normal 
distribution of the particles and the colloidal stability 
was characterized using Nanopartica SZ-100 nanoparticle 
analyzer (Horiba Ltd., Kyoto, Japan). To confirm the 
presence of iron oxide and analyze the different 
functional groups present on the nanoparticle surface 
IR spectra were documented using Perkin Elmer GX 
FTIR in the range of 400-4,000 cm-1. Magnetic 
behavior of the particles was studied by Lakeshore 
VSM 7410. Thermogravimetric measurement was 
done with SDT Q600, TA Instruments (USA). 
 
Cytotoxicity Assay 
Cytotoxicity assay of the nanoparticles was 
performed on four cell lines: human colorectal (HCT 
116), breast cancer (MCF 7), cervical cancer (HeLa) 
and normal lung fibroblast (MRC 5) cells using 
slightly modified protocol given by Rajendran et al. 
Colorectal cancer HCT 116 cell lines were cultured in 
RPMI (Roswell Park Memorial) 1640 medium 
supplemented with 10% heat inactivated fetal bovine 
serum (FBS), while MCF 7 cell lines were cultured in 
Eagle’s minimum essential medium (EMEM) with 
10% FBS. Culture medium used for both HeLa and 
MRC 5 cell lines was Dulbecco's modified Eagle 
medium respectively supplemented with 10% FBS. 
Cells growing in log phase were seeded at a density of 
5000 cells per well in a 96 well culture plate for 24 h 
at 37°C, 5% CO2 incubator. Synthesized nanoparticles 
were added in concentration range of 10-320 µg/ml 
and incubated for 24 h followed by addition of  
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT). Stock solution of MTT was prepared 
by dissolving about 5 mg of MTT in 1X Phosphate 
buffer saline. Then it was filtered through a 0.2 μm 
filter and stored at 2–8°C for further use. To each well 
100 µl of this solution was added and incubation was 
done for about 3-4 h. After incubation, MTT reagent 
was discarded by pipetting out without disturbing the 
cells. Subsequently, 100 µl of DMSO (dimethyl 
sulfoxide) was added rapidly to solubilize formazan, 
and the absorbance was read at 510 nm. DMSO 1% 
was taken as the negative control and 10 mM 
metformin was taken as positive control. Metformin is 
a common type 2 antidiabetic agent which has been 
recently established for inhibiting various types of 
cancer cells24. Metformin mainly inhibits mTORC1 
(mammalian target of rapamycin complex 1) pathway 
which is important in cancer cell growth and 
development. It also activates AMP kinase activity 
and thereby affects mitochondrial respiration and 
eventually causes cell death. 
 
Hemolysis Assay and Antioxidant Assay of Nanoparticles 
Hemolysis assay is a common technique to 
evaluate the bio-compatibility of nanoparticles 
specifically, their impact on erythrocyte membrane. 
Different steps were performed according to the 
protocol outlined by Choi et al25. Goat blood samples 
(slaughter house, Katpadi, Vellore) were collected in 
tubes containing small amount of anticoagulant, 
EDTA. About 2 ml of blood sample was taken, 
appropriately diluted using 0.2 M PBS (pH 7.4) and 
centrifuged at 10000 rpm for 10 min at 4°C. Pellet 
containing RBC was washed thrice and resuspended 
in PBS. Different concentrations of nanoparticle  
(200, 400, 600, 800 and 1000 µg/ml) were  
prepared by dissolving the nanoparticles in PBS  
and subsequently sonicating them. About 100 µl of 
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different nanoparticle concentrations were taken and 
mixed with 2900 µl of blood suspended in PBS 
buffer. The mixture was allowed to incubate at 37°C 
for 1 h. After the incubation time period, the 
suspension was centrifuged at 5000 rpm, 5 min and 
absorbance of the supernatant was recorded at 550 nm. 
Triton X and PBS were taken as the positive and the 
negative control, respectively. 
% hemolysis ൌ  ୅ୠୱ౩ି୅ୠୱ౤ౙ୅ୠୱ౦ౙି୅ୠୱ౤ౙ   ... (2) 
where, Abss, Absnc, Abspc are absorbance of sample, 
negative control and positive control, respectively. 
Antioxidant assay of HNP was performed as detailed 
in previous literature23. 
 
Results and Discussions 
 
Phytochemical Analysis of Garlic Extract 
Aqueous garlic extract obtained was pale yellow in 
colour (Fig. 1B). Phytochemical profile and anti-
oxidant assay of the prepared extract are presented in 
Figure 1C & 1D, respectively. Phytochemical tests 
showed the presence of carbohydrate, glycosides, 
tannins, saponins, steroids and protein (Table 1). 
Antioxidant activity of the aqueous extract was 
measured using DPPH radical scavenging method. 
DPPH possesses an odd pair of electron responsible 
for its purple color and characteristic peak at 517 nm. 
Upon interaction with antioxidants, DPPH receives a 
hydrogen atom from the antioxidants, gets reduced 
and undergoes a color change to yellow. In 
comparison to the standard, ascorbic acid (IC 50 
value: 9.11 µg/ml), the prepared extract showed an 
IC50 value of 0.74 mg/ml. With the increase in 
concentration of the extract, DPPH radical scavenging 
activity was found to increase. Results based on the 
DPPH assay validate the presence of antioxidants. 
The various antioxidants and other functional groups 
present in the extract can help in bioreduction of the 
nanoparticles. Carbohydrate, protein and glycosides 
can provide a surface coating and improve the 
nanoparticle stability.  
 
Preparation of Nanoparticles  
Figure 2A represents the formation of nanoparticles 
using garlic extract. Nanoparticles were synthesized 
by a modified co-precipitation reaction. Preliminary 
confirmation of the formation of the nanoparticles 
was done by measuring the optical properties  
using UV-visible spectrophotometer (Fig. 2B). The 
absorption peak for the synthesized particles was 
found at a wavelength of 450 nm, in contrast to the 
garlic extract which had a wavelength maxima 
centered at 300 nm. As reported in previous literatures 
absorption band in the region 330-450 nm confirms 
the presence of magnetic nanoparticles26-27. 
  
Fig. 1 — Image for (A) garlic cloves, (B) aqueous garlic extract, 
(C) phytochemical profile of garlic extract; where 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10 represent test to check presence of carbohydrate, 
alkaloid, flavanoid, glycosides, tannins, saponins, steroids, 
triterpenes, phenols, proteins, respectively and (D) antioxidant 
assay of garlic extract. 
 
Table 1 — Phytochemical analysis of aqueous garlic extract 
S No Secondary metabolite Presence/Absence 
1 Carbohydrate + 
2 Alkaloid - 
3 Flavanoid - 
4 Glycosides + 
5 Tannins + 
6 Saponins + 
7 Steroids + 
8 Triterpenes - 
9 Phenols - 
10 Proteins + 
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Fourier transform infra-red (FTIR) spectra of 
nanoparticle and garlic extract are presented in  
Figure 2C. Aqueous garlic extract showed the presence 
of main peaks at 603 cm-1, 1031 cm-1, 1403 cm-1,  
1645 cm-1, 2887 cm-1 and 3368 cm-1 which corresponded 
to C–H bend of alkynes, SO2 groups of sulfones, -OH 
bond of carboxylate, C=O group of peptides, 
symmetric or asymmetric C-H bond and hydroxyl 
groups, respectively28. Nanoparticles showed the 
presence of strong characteristic band at 587 cm-1 
indicating the presence of Fe-O bond, iron being 
present in tetrahedral site29. Stretching band at 3368 
cm-1 in the garlic extract was missing in the particles 
indicating involvement of hydroxyl group in the  
bio-reduction process. Additionally, instead of two 
vibration bands at 1403 cm-1 and 1645 cm-1 in the 
extract, single overlapped band was present at  
1515 cm-1 and a red shift in peak was observed for 
1031 cm-1 for the synthesized particles. Further, a less 
intense peak observed at 810 cm-1 corresponding to 
organosulfur compounds was also altered30. As 
reported by earlier studies, alterations in IR peaks 
were possibly because of their involvement in the 
precipitation reaction. Hematite nanoparticles  
also demonstrated presence of additional peaks at  
890 cm-1 and 2887 cm-1 denoting –NH bonds of 
primary amines and symmetric or asymmetric CH 
groups, respectively. Altogether, any shift or change 
in characteristic peaks for garlic extract indicated their 
role in green synthesis of nanoparticle, while presence 
of peaks for plant extract derived functional groups in 
IR spectrum of nanoparticle, confirmed the garlic 
extract based coating and stabilization of particle. 
Similar reduction mechanism of garlic extract and 
their role in nanoparticle green preparation and 
surface stabilization was also detailed in earlier 
report31. Based on the present findings and earlier 
reports, reaction mechanism of iron oxide may be 
described as follows: Vigorous heating of the solution 
containing FeCl3 and FeSO4 led to dissociation of the 
iron precursors to their ionic forms Fe3+ and Fe2+ (pH:  
2-3)32. Addition of garlic extract (pH: 7.2) caused the 
reduction of ferric ions to ferrous state, while some of 
the ferric ions were converted to ferric hydroxide  
(pH: 3-4). Upon addition of sodium hydroxide to the 
mixture, ferrous ions interacted with atmospheric 
oxygen to form iron oxide hydroxide (α-FeOOH). 
Finally, maintenance of high temperature throughout 
the reaction resulted in formation of hematite phase 
from iron oxide hydroxide (pH of 6-7). Similar results 
of phase evolution have also been observed earlier33. 
Addition of ferrous ions helped in maintaining the 
  
Fig. 2 — (A) Represents superparamagnetic particles obtained after completion of precipitation reaction, (B) UV-visible absorption spectra of 
(a) garlic extract (b) garlic-synthesized particles and (C) FTIR spectrum of (a) garlic aqueous extract (b) hematite nanoparticles. 
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molar ratio needed for Fe2O3 synthesis. Usually, 
employment of 2 : 1 molar FeCl3/FeSO4 in 
precipitation reaction results in formation of 
magnetite phase (pH 12-13). But, in the present case, 
addition of appropriate plant extract volume at 
specific time resulted in hematite phase formation  
(pH 6-7). Reaction was highly reproducible, eco-
friendly and cost effective. Stepwise representations 
of the different reactions hypothecated based on 
previous reports are listed below: 
𝐹𝑒𝐶𝑙ଷ ൅  𝐻ଶ𝑂 → 𝐹𝑒ଷା ൅  3𝐶𝑙ି  ൅ 𝐻ା ൅ 𝑂𝐻ି ... (1) 
𝐹𝑒𝑆𝑂ସ ൅  𝐻ଶ𝑂 → 𝐹𝑒ଶା ൅  𝑆𝑂ସଶି ൅ 𝐻ା  ൅ 𝑂𝐻ି ... (2) 
𝐹𝑒ଷା ൅  𝐺𝐸 ሺ𝐺𝑎𝑟𝑙𝑖𝑐 𝑒𝑥𝑡𝑟𝑎𝑐𝑡ሻ →  𝐹𝑒ଶା   ... (3) 
𝐹𝑒ଷା  ൅ 3𝑂𝐻ି → 𝐹𝑒ሺ𝑂𝐻ሻଷ   ... (4) 
2𝐹𝑒ଶା ൅  𝑂ଶ  ൅ 2𝑂𝐻ି → 2ሺ𝛼 െ 𝐹𝑒𝑂𝑂𝐻ሻ   ... (5) 
𝛼 െ 𝐹𝑒𝑂𝑂𝐻 ൅  𝐹𝑒ሺ𝑂𝐻ሻଷ → 𝐹𝑒ଶ𝑂ଷ  ൅ 2𝐻ଶ𝑂   ... (6) 
 
Morphology and Elemental Analysis 
Scanning electron micrograph (Fig. 3) revealed 
spherical morphology of the particles while, 
nanostructures displayed mean diameter in 20-30 nm 
range as per the transmission electron microscopic 
study (Fig. 4). Generally, spherical nanoparticles are 
precipitated when nucleation rate per unit area is 
uniform34. But, presence of high energy electrons on 
the particle surface caused strong interaction and 
particle aggregation35. The EDS spectrum (Fig. 5a) 
showed the presence of Fe, O and C. Presence of 
carbon may be due to the capping by the plant 
biomaterials. Capping of the particles with the plant 
extract increases the particle stability. 
Magnetic Measurements and TGA Analysis 
Vibration spectrum magnetometer (VSM) was 
employed to analyze the magnetic properties of the 
hematite nanoparticle at 300 K and the results are 
depicted in Fig. 5B. Magnetization curve was found 
to be sigmoidal in nature with negligible coercivity 
and remenence magnetization which are typical 
characteristics of superparamagnetic materials. The 
saturation magnetization Ms was measured as  
15.677 emu/g. Values of saturation magnetization 
for bulk magnetite is 92 emu/g and of nano  
powder is 68 emu/g36. Compared to these values 
saturation magnetization of the as obtained particles 
is low. Explanation of this can be nonmagnetic 
coating on the surface which leads to weakening  
of exchange interactions in the magnetic core and 
hence lowered energy of magnetization37-38. 
Previous literatures have also quoted similar 
results. It was reported by Mahmeda and coworkers 
that silica capped particle showed low saturation 
magnetization (6.5 Am2/kg) compared to uncapped 
particles (60 Am2/kg) at 300 K possibly because  
of small weight fraction of iron oxide present  
inside the shell39. Shan et al and Tsai et al have  
also obtained similar decrease in saturation 
magnetization for coated particles40-41. 
As presented in TG curve (Fig. 5C) nanoparticles 
display three weight loss steps at temperatures of 
110°C, 110 - 390°C and 390 - 800°C. The first two 
weight loss percentages of 8.36% and 14.06% can be 
explained on the basis of loss of loosely attached layer 
of water molecules and removal of garlic extract 
based coating agents, respectively. This surface 
stabilization will help in preventing the particles  
  
Fig. 4 — Image for TEM analysis of nanoparticles. 
  
Fig. 3 — Scanning electron micrograph of hematite particles. 
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from interacting with each other and causing  
large aggregate and loss of particle functionality.  
An additional weight loss percentage of 5.313% was 
also observed which may be due to the conversion of 
other iron oxide phase impurities to pure  
α-Fe2O3 phase42. 
 
X-Ray Diffraction and Dynamic Light Scattering 
Measurement 
To investigate the crystal structure of the 
nanoparticles, X-ray powder diffraction analysis was 
performed. As shown in Figure 6A, consistent peaks 
were obtained at 2θ of 24.08, 33.08, 35.56, 40.8, 
49.38, 54, 57.52, 62.58, 71.9 and 75.5 which can be 
assigned to the (012), (104), (110), (113), (024), 
(116), (018), (214), (1010) and (220) phase planes of 
hematite α-Fe2O3. Diffraction peaks were consistent, 
sharp, well resolved and matched with the hexagonal 
crystal structure of hematite (JCPDS file number:  
33-0664). Average size of the crystals was calculated 
as 8 nm using Debye Scherer equation43-44. 
𝑑 ൌ ௞ఒఉ ௖௢௦ఏ   ... (7) 
Here, d represents the particle diameter, K is the 
Debye Scherer constant, λ is the incident X-ray 
wavelength (0.15406 nm), β refers to peak width at 
half maximum (in radians) and θ is the angle of 
diffraction. Nanoparticle size distribution and stability 
was measured using dynamic light scattering (DLS) 
and are shown in Figure 6B & 6C, respectively. The 
particles were found to possess an average diameter 
of 4.4 ± 0.8 nm. The polydispersity index and zeta 
potential value was recorded as 0.144 and -36.8 mV, 
respectively. Generally, when the zeta potential value 
lies above a critical value of ± 25 mV, nanoparticles 
have good stability. Hence, as evident from the DLS 
measurements, nanoparticle suspension was of good 
colloidal stability and uniform size distribution.  
 
Cytotoxic Studies 
Garlic extract is well validated for the presence of 
many compounds which exhibit anticancer activity 
such as alliin, allicin, ajoene, diallylsulfide, 
allylmercaptan and allixin etc45. Previous studies have 
reported IC50 value of 2.5 mg/ml dry mass for fresh 
garlic extract on MCF7 breast cancer cell lines46. 
Also, thiacremonone, a sulphur compound found in 
garlic was found to exhibit an IC50 value of 105 µg/ml 
and 130 µg/ml in SW620 and HCT 116 colon  
cancer cell lines respectively47. Anticancer 
compounds present in the aqueous extract can  
form nano-conjugates and help in checking the 
proliferation of cancer cell lines. Hence, synthesized 
nanoparticles were checked for cytotoxic effects on 
  
Fig. 5 — Image for (a) EDS spectrum (b) vibration spectrum
magnetometer analysis and (c) Thermogravimetric measurement
of hematite particles 
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four cell lines (HCT 116, MCF-7 and HeLa and  
MRC-5). As presented in Figure 7A, the as-synthesized 
particles exhibited a dose dependent cytotoxic response 
on the cancer cell lines (HCT 116, MCF 7 and HeLa) 
while normal MRC-5 cell lines showed ≥ 80% viability 
in the studied concentration range of 10- 320 µg/ml. 
IC50 values of the nanoparticles for HCT 116, MCF-7 
and HeLa cell lines were 230 µg/ml, 346.25 µg/ml  
and 285 µg/ml, respectively. Hence, the synthesized 
particles exhibited slightly better cytotoxic response for 
human colorectal cell lines (HCT 116) followed by 
HeLa and MCF-7 cell lines. Role of garlic intake  
in colorectal cancer inhibition has been well 
established. Mechanism of anti-proliferative  
action is elaborated in Figure 7C. Reason behind 
normal cell lines not showing cytotoxicity effects can 
be on the basis of the altered structural and functional 
characteristics of cancer cells which allow the 
ingression of nanoparticles and underlying toxicity48. 
Optical images depicting the effect of the nanoparticle 
applications on different cell lines are presented  
in Figure 8.  
 
Hemolysis and Antioxidant Assay 
Nanoparticles can sometimes interfere with red 
blood cells by disrupting their membrane integrity. 
Hence for biological applications, hemolysis assay  
is a commonly used method to check the 
biocompatibility of the nanoparticles. Usually if  
the hemolysis percentage is < 5% nanoparticles are  
highly hemocompatible. For a percentage of  
< 10% moderate hemocompatibility is observed  
and particles are termed non hemocompatible if the 
percentage is >20%49. The results of hemolysis  
assay are shown in Figure 7B & 7D. It can be clearly 
seen that nanoparticles in a concentration range of 
200 - 600 µg/ml show negligible hemolysis (< 5%) 
and are  highly  biocompatible.  With  the  increase  in  
 
  
Fig. 6 — Results of (a) X ray diffraction analysis (b) hydrodynamic diameter measurement and (c) zeta potential interpretation of the 
as- synthesized particles. 
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Fig. 7 — (A) Effect of nanoparticle dosages (10-320 µg/ml) on percentage survival of studied cell lines, (B) hemolysis and antioxidant
assay of nanoparticle in concentration range of 200-1000 µg/ml and (C) schematic representation of cytotoxic effect of the nanoparticles,
and (D) image for hemolysis assay. 
 
  
Fig. 8 — Bright field optical images showing the effect of nanoparticle treatment on the morphology of the studied cell lines (HCT 116,
MCF-7 and HeLa and MRC-5). 
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nanoparticle dosage (600 - 1000 µg/ml) an increase in 
hemolysis rate is observed but it is still within the 
permissible limit (<10%). Hence the nanoparticles 
show good hemo-compatibility within the studied 
concentration range and can have good biological 
applications. Hematite particles were also tested for 
antioxidant activity by DPPH assay. As shown in 
Figure 7B, nanoparticles show a maximum of 41% 
DPPH inhibition at a concentration of 1000 µg/ml. 
Earlier researchers have also demonstrated DPPH 
activity of magnetic iron oxide nanoparticles. This 
DPPH scavenging activity may be explained on the 
basis of the electron transfer from the nanoparticles to 
the free radical in nitrogen atom of DPPH leading to 
decrease in absorbance at 517 nm50.  
 
Conclusion  
In the current study, a bio synthetic approach was 
used to prepare hematite nanoparticles using aqueous 
garlic extract. Preparation protocol was simple, 
inexpensive, time efficient and environment friendly. 
After complete precipitation of the nanoparticles  
pH of the mixture was 6-7 in contrast to the usual 10-
12 pH of the final solution. Hence byproducts  
of the reaction do not need any further treatment 
before environmental release. Nanoparticles obtained 
were well crystallized, stable, spherical, uniformly 
distributed, hemocompatible and displayed super-
paramagnetic behavior. Various functional groups 
present in the garlic extract could coat the 
nanoparticles thereby increasing their stability  
and biocompatibility. Also because of the active  
anti-proliferative ingredients present in the surface 
layer, nanoparticles demonstrated cytotoxic effects 
against cancer cell lines while normal cell lines were 
not affected. Additionally very negligible hemolysis 
observed makes the synthesized particles potential 
candidate for applications in cancer cell treatment. 
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